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Abstract 
Daylighting can offer the benefit of view comfort and saving energy, so it has become more and more important in 
acting as the principal source of lighting in buildings. This study attempts to evaluate energy saving potential of the 
well-known MonodraughtTM sunpipes installed in a supermarket in the UK. A lighting analysis software package 
RELUX is used as the simulation tool to calculate daylight factor and illuminance distribution within the supermarket. 
The energy saving potential of using MonodraughtTM sunpipes in the supermarket is assessed using RELUX Energy. 
The simulation results indicate that a considerable saving in the lighting-related energy consumption could be 
achieved through use of MonodraughtTM sunpipes accompanied by an artificial lighting control. 
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1. Introduction 
Daylight has been widely acknowledged as a critical design element in architecture and as the principal 
source of lighting in buildings [1]. This is due to the facts that daylight is a natural light which makes 
occupants feel comfortable and also can save considerable amount of energy when replacing the artificial 
light. With increasing concern about the global warming issue, energy efficiency of the buildings has 
attracted great attention. Apparently, the best practice would be to use daylight as the main source of 
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lighting in the buildings with the minimum use of artificial light. An excellent daylighting design should 
be able to significantly reduce the energy consumption as well as carbon dioxide emissions [2]. 
Lighting usually takes 30~50% of the total energy use in a supermarket and has a large energy saving 
potential. Lighting energy can generally be reduced by 40~80% by installing more efficient lighting 
fixtures, improved lighting controls and taking advantage of daylight where available [3]. Project payback 
period for advanced lighting systems in a supermarket is usually quick because of the long operational 
hours. Daylight through windows is normally not adequate for a supermarket due to its large depth and 
the limited number of windows. Therefore, artificial lighting is applied throughout the supermarket even 
in the daytime. MonodraughtTM Sunpipe is a commercial brand of lightpipes which use super reflective 
ducts to direct natural daylight into a building. Monodraught plan to explore their Sunpipe products for 
daylighting applications in a number of retail stores. A demonstration installation has been completed for 
a supermarket in the UK and it is estimated that 50% energy savings and 40% CO2 savings can be 
achieved [4]. 
Daylighting systems are usually accompanied with a controlled artificial lighting system to maximize 
energy saving. Photocells are used to switch off or dim entire rows of lights in response to change in 
daylight from skylights or windows. However, position of photocells may be subject to the layout of 
shelves or other obstructions if each row of lights has one photocell. The newly developed lighting 
control technology can resolve this issue. With highly efficient Philips TL5 fluorescent luminaire 
equipped with individual photocell/dimming control, it is possible for each light fixture to have its own 
dimming control. Each lighting fixture will dim independently but work together to maintain the desired 
light levels throughout the working area. 
This study attempts to investigate energy saving potential through use of MonodraughtTM sunpipes 
along with a dimming-controlled artificial lights in as supermarket. RELUX lighting simulation will be 
carried out to obtain the illuminance distribution in the supermarket including the shelves. Daylighting 
design for a supermarket can be assessed against the recommended illuminance requirement. The CIBSE 
Guide for interior lighting provides the recommended illuminance values for specific activities, for 
example, 300~500 lux for retail shops and 750~2000 lux for supermarkets [5]. By comparison of the 
available daylight against the required 750 lux, energy saving potential could be estimated for the 
integration of the MonodraughtTM sunpipes and artificial lighting in the supermarket. 
2. Simulation and analysis 
A supermarket in Dartmouth (Longitude: 3°35'45" W, Latitude: 50°19'50" N) claims to be the first 
UK super store to fit Monodraught sunpipes in its main shopping floor area (L83m*W53.1m*H11.5m). 
This store is regarded as a flagship green store which can bring all the benefits of natural daylight to the 
hundreds of thousands of customers. Figure 1 shows an interior view of the market with installation of 
Monodraught sunpipes on the roof. The diameter of sunpipes is 750mm and their structure is shown in 
Figure 2. The advantage of sunpipe over common skylights is that it is suitable for thick thermally 
insulated roofs. The highly reflective interior surface of a sunpipe enables efficient transmission of 
daylight. In addition, the outlet diffuser of sunpipe can help distribute daylight more uniformly. 
RELUX simulation tool was used to simulate daylighting performance of the supermarket. RELUX is 
a ray tracing freeware supported by a number of luminaire, sensor and lamp manufacturers. It is an easily 
usable tool, where visual design elements of a building including materials, furnishing and colour can be 
simulated, showing their influence to real light distribution [6]. By using this useful graphical tool, 
simulations of artificial light and daylighting are practicable. The geometrical model of the supermarket 
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was imported as a CAD drawing to RELUX and it is shown in Figure 3. There are 144 sunpipes installed 
in 16 rows. RELUX simulation was conducted only for the shopping area excluding its surroundings. The 
optical properties of its envelope were assumed as the following: a reflectance of 0.7 for walls, 0.2 for 
floor and 0.90 for the ceilings. It was also assumed that the Monodraught sunpipes have a transmittance 
of 0.80 and the window glazings have a transmittance of 0.8. 
              
             Figure 1:   An interior view of the supermarket.    Figure 2:  A cross-sectional view of Monodraught sunpipe [7]. 
Figure 3:  The supermarket’s model in RELUX. 
RELUX simulation was carried out to obtain the illuminance distribution for the conditions of 
artificial lighting only and daylighting on the summer and winter solstices, i.e., about 21st June and 21st
December, from 8am to 18pm. A suspended lluminaire type manufactured by Philips was chosen to 
provide artificial lighting when the daylight availability is not enough. Every single luminaire comprises 
of two TL5 fluoroscent lamps with a total system power of 58 Watt each and a luminous efficacy of 68.97 
lumens/watt. The luminaires are suspended from the ceiling linearly and are placed parallel to the 
windows. The number of lamps installed in the supermarket was determined automatically by the 
software in order to provide the minimum required illuminance level of 750 lux. 
Figure 4 shows the illuminance distribution on a working plane 750mm above the floor for the CIE 
overcast sky condition. It is apparent that the maximum daylighting illuminance level is found near the 
windows. As the distance from the window increases, the illuminance level decreases. The highest 
daylighting illuminance is obtained during the middle of the day. Generally, the daylight provision 
increases from morning to noon, and then declines in the afternoon. Moreover, daylighting level on 21st of 
June is higher than the 21st of December. Using the following graphs, areas with illuminance level below 
the recommended value for supermarkets can be identified. Those areas have to be artificially illuminated 
in order to maintain adequate lighting in the room and achieve visual comfort. Especially in winter, where 
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the daylight availability is not enough and the sky is dark the presence of supporting artificial lighting 
throughout the day is necessary. Consequently, the electricity consumption level will be higher during the 
winter period compared to the summer.  
Figure 4: Artificial and daylight performance of the studied supermarket on the summer and winter solstices. 
Figure 5: Percentage of the working time when daylight provides sufficient illuminance (for the minimum illuminance of 750 lux).
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Obviously, for the sunny sky condition, the daylighting level would exceed the required 750 lux 
for larger part of the floor area. The daylighting autonomy could be calculated to roughly indicate the 
potential energy saving of daylighting. Figure 5 lists the estimated percentage of the working time 
(8:00~21:00) when daylight is sufficient to maintain the minimum illuminance of 750 lux. These 
percentage values were calculated according to the simulated Daylight Ratio or Daylight Factor (DF) 
which is the ratio of internal illuminance to external one under the overcast sky condition. For the 
simulated supermarket with installation of sunpipes, the average DF was found to be 2.2%. As a 
simplified approach, this DF value was considered as a daylight ratio for any sky condition, so the 
daylighting autonomy time could be estimated. The percentage values in Figure 5 could be 
considered as an indicator of potential energy saving if the on/off control of artificial lighting is used. 
Figure 6: Annual energy consumption of the studied supermarket, with and without the                                                         
application of a lighting control scheme. 
The actual energy saving could be larger when the artificial lights are dimming-controlled. Lighting 
control systems can either turn off or dim artificial lights in case that adequate daylight is provided from 
the sunpipes and windows or when the supermarket is closed. The installation of the energy efficient 
control schemes that can mainly adjust the artificial lights according to the daylight availability can lead 
to significant energy savings. Therefore, RELUX Energy was used to evaluate the related electricity 
saving. The software calculates the resulting energy consumption per month following the EN 15193 
standard. During summer period the energy saving levels are higher than the winter as result of the 
reduced energy consumption and the increased daylight availability. Figure 6 summarizes the energy 
consumption of the studied supermarket per month, with and without the application of the lighting 
control system. As it is observed, daylight harvesting and maximum energy saving can be achieved using 
daylight occupancy and dimming sensors, which switch on the light only in case that the natural light is 
not adequate and turn off the artificial light when the daylight provision is above the selected illumination 
level of 750 lux or when the supermarket is not occupied. Specifically, compared to the artificial light 
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solely for a whole year, a percentage of 22% can be saved in the annual lighting energy consumption for 
the supermarket. The energy saving would be higher if the selected minimum illuminance is reduced. 
3. Conclusions 
The daylighting performance of a supermarket fitted with MonodraughtTM sunpipes has been 
investigated using commercial lighting analysis software package RELUX. The illuminance distribution 
over the floor has been given for the condition of daylighting and artificial lighting, respectively. The 
results indicate that part of the floor area could be sufficiently daylit for a certain period while the rest 
part could be supplemented with artificial lighting to maintain the required illuminance level. Lighting 
control systems can either turn off or dim artificial lights according to the detected daylight level so that a 
considerable energy saving could be achieved. RELUX Energy has been used to determine the energy 
saving potential of the installed sunpipes in the supermarket. The result has shown a potential 22% energy 
saving annually. 
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